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Protein determination on the basis of copper-binding capacity

Current photometric methods for the determination of protein re
special properties of aromatic residues'-? or solely on the presence of
structures*=6. Those procedures dependent on aromatic groups arc
in the absolute values given by different proteins. The procedure
complexing of copper by polypeptides, the so-called biuret met
reliable but much less sensitive. NEILSEN’s micro procedure’ b
reaction has not been {found generally useful in this laboratory because
caused by precipitation of the water-insoluble copper diethyldithioc
highly colored blanks, apparently caused by the formation of soluble copper-ph
complexes®. This conumunication reports a rapid new procedure wtilizing the biuref
reaction, which has the reliability of the biuret method and a useful range of o.05--
1.0 mg protein.

arba

Reagenis

(a) Alkaline copper tartrate reagent: 1o ml 0.20 M CuSO, are added to 5090 ml
0.167 N NaOH containing 2.0 g potassium sodium tartrate tetrahyvdrate. (b) Dowes:
suspension: Bio-Rad AG1-X8, 200-400 mesh, chloride form™, is
ionized water at a density of 200 mg/ml. (¢} Color reagent: Sodiuvm diethyvldithio-
carbamate is dissolved at a concentration of 1.0mg/ml in a o.025 % solution of
crystalline bovine sernm albumin. All of the reagents are stable for many weeks at
room temperature.,

A:‘Dp‘-x} ( ﬂj O’(:A

Procedure

The protein solution to be anaiyzed is freed of salts and free amino acids by
dialysis or the protein is precipitated with 0.5 vol. of 3.3 trichloracetic acd. The
concentration of salts and amino acids in the samp]o to be precipitated must
than 0.4 M. Above this level, interference is most pronounced at the lower protei
concentrations. Agreement between assay values obtained with aliquots of different
sizes assures the absence of interference. The precipitated protein is sedimented by
centrifugation for 5 min at 20,000 x g and then resuspended in 0 30 ml of deionized
water. The protein suspension or 0.50 ml of dialyzed protein solution, containing
0.05-1.0 mg protein, js mixed in a centrifuge tube with r.00 mi of alkaline copper
tartrate solution, in which the protein precipitates readily dissoive. After at least
5 min at room temperature, 1.0 ml of Dowex-1 suspension is added, followed by
5.0 ml of color reagent. After mixing, the tube is centrifuged briefly at Jow speed and
the supernatant solution is decanted into a cuvette. Absorbancies are defermined
at 446 or 486 mpu, depending on the amount of protein present, against a blank
containing 2.5 ml of deionized water and 5.0 ml of color reagent. Apy resin carried
over in decanting settles rapidly and causes no interference with the photometry.
The color is stable indefinitely.

Standard curves for the method are given in Figs. T and z. The absorbancy
response is linear up to 6.4 mg protein. At 446 my, which is the ab;orphon maximum,

- be less

Cahfomla Corporation for Biochemical Research. No cycling or other preparation of
resin is necessary. Equilibration with alkaline tartrate prior to use diminishes the effect
ing substances but also reduces the sensitivity of the method.
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Fig. 1. Standard curve for the procedure at Fig. 2. Standard curve for the procedure at
446 mu. The points shown are the means of 486 myu. Other conditions as in Fig. 1.
values obtained for the five crystalline proteins
of Table I. The instrument used was a Coleman

Junior Spectrophotometer.

this corresponds to the most useful range of the photometer. The sensitivity of the
method may be increased somewhat by using a smaller volume of a more concentrated
color reagent and a suitable photometer.

The reliability of the method with different proteins is indicated by the data
given in Table I. As was expected, the new procedure and the biuret method have
similar reliabilities, while the sensitivity of the new procedure approaches that of
the LowRy method.

TABLE I

COMPARISON OF FOUR ANALYTICAL PROCEDURES IN THE DETERMINATION OF
FIVE CRYSTALLINE PROTEINS

The crystalline proteins used were p‘urchased from Nutritional Biochemicals Corporation. Dry
weights were determined by drying samples to constant weight at 30° over Al,0,. The absorbancy
values given are based on data sufficient to insure random errors smaller than 2 9.

Apparent protein content of solutions containing 1.00 mgjmi*

Protein

Estimation based on LowRy method*** Biuret method*** Prosent method™*
absorbancy at 280 mu** (ref. 3) (ref. s)
Edestin 0.69 0.91 1.04 1.00
p-lactoglobulin 0.73 0.67 0.93 0.93
Bovine serum albumin 0.52 0.97 0.95 0.97
Pepsin 1.09 1.18 0.94 1.04
Lysozyme 1.97 I.22 I.14 1.05
Mean deviation 42 % 17% 7% 4%
(as % of mean)
Sensitivity 0.43 2.6 0.05 2.0

(absorbance units/mg in
the final volumes stated)

" The mean absorbancy value per mg for each method was taken as the standard for that
method.
*” Determined using the Beckman Model DU Ultraviolet Spectrophotometer, final vol. 3.0 ml.
*** Determined using the Coleman Junior Spectrophotometer, final vol. 7.5 ml. Absorbancy
values were determined at the wavelength of the absorption maximum for each method.
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The tartrate in the copper reagent serves to maintain Cut+: :
pH, as in the biuret method. Under these conditions the reactloa with protemn m
rapidly. Since the coordination number of Ca™+ is 4, each Cu++ 1
ions, and the net charge on the copper-tartrate compiex is negative. In the
each Cutt binds four peptide bond ni‘(rogens but the net charge on 1
complex is positive, Accordingly, the strong anion exchanger Dow
solution all copper ¢xcept that Lmlnﬂ by protein. In the fina
of copper diethyldithiocarbamate was found to be prevented
excess protein, added as albumin in the color reagent. The absence uf color 3
color reagent itself and the quantitative removal of excess copper by the ion-¢xchange
resin result in colorless blanks. This circumstance assures high sensitivi
amounts of protein and minimizes errors caused by inaccuracies in procedure.

In summary, a quantitative analytical procedure based or the copper-binding
capacity of protein has been developed. Protein-complexed co j i
colorimetrically with diethyldithiocarbamate after removal of ex
ion-exchange resin. The procedure has 40 times the sensitivity of the
and equal reliability.
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